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SUMMARY

Thispqerpresentsdataonthetensilestrength,fatiguestrength,
creeproperties,andthermalexpansionofforgedaWminumalloysXBl&,

!S1~, 2 sand32S,w~ch am pertinenttotieapplicationofthesealloys
inthetemperaturerangefrom70°to~“ F. Includedaredatataken
frompubMshedsources,unpublishedmaterialmadeavsikblethrou@the “
courtesyoftheAluminum-CompenyofAmericaandtheNationalBureauof
Stendmls,andoriginaldata,obtainedatBattel.leMamorialInstitute,
whichextmdthispreviousinformation.The
discussionofthedataandtheirapplication

Recentadvances
intheuseofhigher
en%ine.Ithasbeen
reachedinlocelized

INTRODUCTION

workalsocontainsa critlcel
todesi~ofaircraftengh~

in the development ofaircraftengineshaveresulted
operatingtemperaturesatsomelocatimsinthe
estimatedthattemperaturesfrom700°to800°F am
spotsinpistonsandcylinderheadsInreciproca.tlng

engines● JetpowerplantsalsorqpireM@ operatingtemperatures.

Inorderthatdevelopmentsinmaterialsmightkeeppacewithdemlop-
mentsinmechanicaldesignofpowerplants,theNatimalAdvisory
ComttteeforAeronauticsissupportingworkwiththefollowingobjectives:

(1) Toobtainre13abledataonthepertinenthigh-lxmperature
propertiesofdmminumalloyscurrentlyavailable ,“

(2) Todevelopheattreatmentsandfabricationprocedurestodevelop
themaximumhigh-temperaturepropertiesofcurrentlyavailablealloys

(3) Tofosterthedevelopmentofnewandimprovedaluminumalloysfor
hi@-tempemztureservice.

Thepresentinvestigation,conductedatBattelleMemmWl Institute
underthesponsorshipandWW thefinancialassistanceoftheNational

.

-.. ---- .-. —=,_ . - _,— — —.———- -— —— —-—,--” ,7— . . . .. .. . ..>,..,. ..- -



2 NINAm No.1469

AdvisoryCommitteeforAeronautics,wasintendedtodevelbpinformation
pertinenttothefirsttwooftheseobjectives. “

Itwasrecognizedthattheproblemiscomplexandthat,regardless
ofthecareusedinplanninga progrsm~itwasquitelikelyMat inthe
courseofconductingtheinvestigationitmist becomedesirabletoobtain
otherinformationtianthatincludedspecificallyin-theplans.Withthis
inmind,theprogramsummarizedaafollowswasplanned:

(1) Work~ tobeconfimdto= eqlo=tionofthefatigueand
&eeppropertiesoftheforged(orrolled) slloys XB18S,la, 24S,and32S,
concentratingparticularlyonthetemperaturerangefromltoo”to800°.F.
Whileitwasrecognizedthatthisseriesisnota completecrosssection
ofavailableaJ.loys,andinparticularprovidesnoinformationoncast-,
itwashopedthatbase-lineinfonuationcouldbeobtainedwhichwouldbe
usefulincuttingdowntheamountofexperimentalworknecessarytomake
comparisonsbetweentheseandothersJJoys.

(2) Itwasdeci~edthatthecreeptestsshouldbeconductedby
conventionalmeans.Itwastiou@tunnecessarytocarrythecreeptests
beyond5Q0hours.Thefatiguetestswere%0bedirect-stressfatiguetests
inwhichtheloadwastobevariedfnm a minimumstress,almostzero,to
a msximumstressintension.Thetypeofdataobtainedfmm sucha test
differsfzmmconventionaldatainthatmostdataobtainedpreviouslyhave
beenmadeonreversed-bendingtestsofonekindoranother.Itwasthou@t
thatthedirect-stresstestsmightprovidemoreinformationontheeffect -
ofcreepthantestsinwhichthemsanstress3.szezm,asitisinthe
reversed-bendingtype.

IfEscRIPTIoNOFMATEUMSMD EREVIOUSIM2A

MateriaJ-

ThealuminumsJ.loysstudiedin thisinvestigationwere”furnishedby
theAluminumCompanyofAmerica,inthefonuofl-inch-round,hot-rolled
zwds.(Asmallmountof7/8-in*-rotima offorgesXBl& auoYwasaso
furnishes in order thattiepropertiesoftheforgesandtherolledrod
couldbecomparea.) Table1 containsdescriptive=terialabouttheallqa:
theircomposition,theheattreatmentrecommendedbytheAluminumCompany
ofAmericaforeachaUoytoproducetheT-temper,andtieroom-tmperature
mechanicalpropertiestobeexpectedifthealloyisheat-treated.accom%ing
tothespecification.

ThermalTreatment

Thealuminumroas (1 in. in diameter),fromwhichthe
fatiguetest,andcreeptestspecimensweremade,werecut
long● Thesebarswereclampedintoa 15-barheat-tmeating

tensiontest,
intobars7 kchea
fixturewiththe
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stiaceofeachbarnotlessthen1 inchfromthesurfaceofanyother
barinthefixture.Thisspacingensuredadequateroomforthecircu-
lationofthehotfurnaceairandtiequenchingmedium.Twoofthese
fixture-barassenibliescouldbeheat-treatedatthesametimeina
LindbergAir-DrawFurnace;theheat-treatingtime’andtemperatureandthe
quenchingmediumwereasspecifiedbytheAluminumCompanyofAmerica.
Eachofthefixture-barasseniblXeswasquenched.separatelybyplungingit
intothequenching~ai~ end vigorouslyagitatingit;thesecondfixture-
barasseniblywasallowedtocomebacktothequenching”temperatureiftie
temperaturehaddroppedwhenthefu?.macedoorwasopinedtoquenchtie
firstassembly.

Artificialaging,whenitwasspecified,wasCdmea in tie ssme
furnace, and the Wrs were leftundisturbedinthefixturesforthis
operation.

A dummyspecimen,drilledtoSUOW theinsertionofa thermocouple,
wasattachedtoa pipeandplaced(downtJmn@ tieeXhaustopeningin~
topofthefurnace)among‘thespecimensthatwerebeingheat-treated.
Althou@thefUrnace-controlthermocouple-locatedinthehot,incming,
airstream-wasfoundtovaryapproximately+~5°F frcmthencminal
temperature,thethermocou@einthed- specimenvariedlessttan~o F.

A O.505-inchtensiontestepectmenwasmadefromme bartakenfran
eachgroupofbarsthathadbeenheat-treatedtogether.Theresults
obtainedbytestingthisspecimenwerecomparedwithtensicmtestdatathat
had.beenfurnishedbytheAluminumCompanyofAmerica;tiiswasa precaution
Intendedtopreventthewasteoftimeandefforttiatwouldoccurif
improperlyheat-treatedbexsweremachinedandtested.A comparisonof~
no,tinalandactualroom-temperaturetensilepropertiesofseveralofthe
alloysstudiedduringthisinvesti~tionisgivenintable2. Tensiontest
resultsobtainedbytheAluminumCompanyofAmericaandbyBattille
MemorialInstituteam includedinthistabulation.Itwillbenotedfrcm
table2 thattheforgedtestpiecesofXBl&4’havesomewhatlower
strengththantherolledmaterial.Thepossiblesi@ficsnceofthisdiffer-
enceisdiscussedlater.

Table3 summarizesinfonuationfromtieAlum Compenyof
Americafilesontiehigh-temperaturetensilepropertiesofXBl&~, l&W,
and32S+?testedafterholdingfora prolongedperiodatthetesting
temperatures(reference1). Includedalsoaredatafor24S-Tfroma survey
byWymsn(reference2).

Considerablereferenceismadethroughoutthepresentreporttothe
elevated-temperaturetensilepropertiesofthesealloysthathavebeenbald
forvaryinglengthsoftimeatthetestingtemperaturebeforestartingthe
test.ThesedatawerefurnishedbytheAluminumCompanyofAmericaend
wereobtainedbytestingforgedalloys(references3 andk endunpublished
data)● Table4 containsa briefdescriptionoftieseparticularmaterials.

.. . .. . . . . . —. -— .-.~.-.. . !..“ .. -,



Thecumesinfigures1 to4 showti6effectofthetimeatthetesting
temperaturebeforebeginningthetensiontest~ontietensileand@eld
propertiesofforgedXB185+l!,32S-’2,24S-T,end1*-T. Ihorderthat
somesortofcomparisonaffatigueandtensionpropertiesoftiese
alloyscanbemade,tinwinthesefiguresisexpressedintwowqs:
(1)thetimeasreportedintieAlminumCompanyofAmricatestsand
(2)thetimeintenusoftheaverage nmiber ofcyclesthattheI&ouse
machinewouldrunifa fatiguetestwereinprogress.TheKrouse
macklnesareoperatedfor10hourseachdayendmm 900@OO cyclesduring
tieperiod.Thespecimens,however,aremaintainedattemperaturefor
24hourseachday,-sotheKrausemachineisconsideredtohaveaveraged
900,000cyclesfor24hoursattemperature.Thus,a fatiguespecimen
thathasrun9mtl130ncycleswouldhavebeenattemperaturefor10days,
andwouldbeconsideredcomparablewitha tensionspecimenwhichhadbeen
heldfor10daysattemperaturebefore testing. Theplottadpointsin
figures1 to4 representtheresultsofthedirect-sixessfatiguetests.
Thesedataandtheir rel.dzhm to the.tensile data are ai80u8843alater in
the secticmonfatigue*st results.

Figures5 to7 show,re ectively,thereverses-stressfatigue
%strengthofalloysXBl&+l?,1 +!,and32S*atelevatidtemperatures

fromAluminuIuMupsnyofhrica tests(reference1). Figure8 showsthe
xwerseil-stressfatiguestrengthof24S~ after“prolonged”heatingat
thetestingtemperature(refe-ce 2).

Table5 summarizescreeptestdataonXBl&+l!,1=3, and323+1from
reference1. Thesignificanceofthesedatawillbeaismssedinrelaticn

.

totheresultsobtainedatBattelleXemorialInstitute.

SHORT+PIMETENSIONTESTSATELEVATED~.

A fewshort-timetensiontestsatelevatedtemperatureswere
Ctiuctia atBattelleMemorialInstituteinorder todetermineifthe
p-e~es oftiero~edallvswe= ~aw Uferentfmu thoseofthe
forgedalloys.Thebarswerepulledinacco*ce wititheproceduregivsn
inreference5. Theresultsaretabulatedintable6. kta from
AlunimuuCompanyofAmericad BattelleMemorialInstituteshort-time
tension‘testsare@0tt8a in figures9 and10forXBl&+I’and24S-T.The
AluminuIuCompanyofAmericaresultswereobtainedbytestingmaterial
descfibeaintible4.

Theforgedandhot-rolledsUoysdonotseemtobehaveexactlyalike
atelevatedtemperatures,but,inthecaseofthe24S-T,thecomparisond
“typical”witiactualvaluesisinvolved.Thedifferencebetweenthe
short-timetensionpropertiesoftheroma and tieforgedalloysdoesnot

.

appeartobehighlysignificant.

Thevaluesintable6 fortheyieldstrength,andespeciallyforthe
~atiuf3ofelasticity,areaepxt ontheslopeofthestress-strain

--—. —.——... .. ~---- --. —.... _—_.. .. —.-. ..— .
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ourve.The“strai@-line” portionsofthestress-strain-es werenot
perfectlystrai~t,endtherewassomeevidencethatplasticflowoccurred
“evenatzwlatimlylowloads.Theeffectonthe~atiw oftherateof
loadingisnotquantitativelyMxmn. Thismethodofobtainingthemodulus
isnota verysatisfactoryoneforalumhxumaZloysatelevated@mpera-
tuzws,endthesevaluesshcnildnotbe mgardd asdesigudata. .

Theeffectoflangertimesatthetestingtemperature,beforetesting,
hasnotbqendeterminedforthehot-llpdalloys,sotheyoannotbe
cwlpm?ed,inthisregard,withtheforgedalloys.!lhe“effectofVmOUS
lengthsofMme atthetestingteqeratureonthetensilepropertiesofthe
forgedalloysIsdisoussedlaterinrelatiantothefatiguetestresults.

DIRECT+TRESSFATIGUETESTSATROOM~

AImJurEIEv.ATED~TuREs

TestingEquipment

Fatime testemiument.-‘Thefatiguetestswezw
DirectRepeatedStressTestingMaohineswhiohimpose

conductedon&muse
anaxialload

(4000lb, maximum)attherateof1500cyclesperminute.Figure11isa
photographofoneoftiemachinesthathasbeenmodifiedfortestingat
elevatedtemperatures.

Theconstruotlcmendoperationofthe4000-poundmaohineIsquite
similartothatofthe10,000-poundmachine,previouslydescribed
(referenoe6). Mh thelargermachine~thismaohineissodesignedthat
*O specimmsoanbet8st8a,independently,atthesametime.

A loadingle;er(A),aotuatedbytheconnectingrod(R),adjustable
cam(C)~anddrivingpulley(B)~appliesthemmiableload.(Seefig.il.)
Theforoeistransmittedtothe”specimenbyamember(M),whiohisguided
bya parallelogramsystemoffoursteel-platefulcrums(D),aesignedto
producestraight-linemotionandaxialloadingofthespecimen.Themean
valueoftheloadisappliedbyadjustingtheloadingnuts(F)onthe
loadingscrew(E). .

The~an loadisapplied,wtththeA throwatzero,tothespecimm
andismeasuredbymeansofthecalibrateddialbar(G)interms& the
bendingInducedintheloadinglever.Thenthecem-&tmowissod~8t8a
that,astheoamissluwlyrotatedbyhand,thedesiredmaximumand~
loads-measuredbythedialbar-areappl$ed.

Whenthemaohineisrunningundera variableload,theshortsteel
pln(P)travelsina shortare;fora givencamsettingthelengthofthe
arcisinverselyproportionaltotheload.Iftheloaddecreasessuffi-
ciently,thelengthofthearoincreasesenoughtocausethepintostrike
a mioroswitoh(T)-theheightofwhichcanberegulatedbyknob(K)-which
actuatesa rel~ thatstopsthemachine.

——. —._ . ——— ---
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Been
Thespecimen-adapterasseniblies(tiemds oftieadapterscan’be
prb3ecti2igfromtheads ofthefurnaceinfig=Xl)are~~ctea to

then&h~es bymee& ofuniversaljoints(U).Atfirst,rigidconnecticm “
wereusedforthispurpose,buttheycomplicatedthealxeadydltticult
problemofalinement.Itwasd.etezmine’dthat~iftieimposednominal
stresseswereeqyal,thelivesofspecfmenswhichhadleenassaibledwith
universaljointswereconsideralilylongerthantielivesofspecimens
whichhadbeenass-ledwiththeconventionalrigidconnections● Ithad
beennoticedthatsomeforcehadtobeap@iedwhena specimenwas
assembledintoamaohinethathadtherigidconnections,anditwas
ticn@tthataninitialbendingstresswasbeingimposedonthespecimen.
strain-gagemmuramentsvertfiedthishypothesisend.reveeledthatthe
initialstresswasveryM@ at scampointsonthecircumferenceofthe
specimen;bothcompressiveandtensilestresseswerepresentbeforeany
ofthencminalloadhadbe- applied.Simin-gagemeasurementsthatwere
madeonspecimenswhichhadbeenassaibledintoamachine~aea with
universaljointsindicated%hatthebendingstzwsseshadbeenquite
Subsktidlyreaucea.Itseemsprobablethattieuseofuniversaljoints
wouldnotbedesirableif@ecimenswerebeingtestedtn compressionorin
tension-compression; but, since the stresses used in this investigation
aresdlbetweenzero(actuallya llttleabovezero)andsomehighertension
stress,theuniversaljointsa~eartobea satisfactoryanswertothe
allnementproblem.

A furnace(V)whichisWed tomaintainthespecl.mensattemperature
am theelevated-temperaturetestsisshowninfigureIIattachedto .
thefatiguetest~e andinpositicm.Thistie fhzrnaceis15inches
long;thefurnaoe-controlthernmcaupleislocatedmidwaybetweenthe
furnaceendsanditsbeadisflushwiththeinsideoftierefractorytube.
Thetemperatureofthespecimencanbemeasuredby a portablepotenti-
muster;thelid(W)cenbeseeninfigure11. Thespecimenlihermocouple,
locatedinsideoftiespecimenatthebaseofthethreadedsection,comes
outthroughanopeningintiespecimenadapter.Eachfurnaceiscontrolld
byaFoxboroCcmtrollerwhichis-shuntedwitha resistancein der to
minimize_rature v-atims.

Whenthetemperatureofa specimencbsnges,itwilleithercontract
orexpendsendIfa specimenismxiergoinga testthisexpeasicmor
contractionwillcausetheloadonthespecimentobedecreasedorincrease&
Itisquiteimportantthatnoincreaseinloadoccurbecauseanunknown
portionofthelifeoftiespecimenwouldbespentatanunknownstress,
hi@er Wantie nominalstress.Ifa predetermineddecreaseinloadocmm,
tiecut-offisactuatedendthemachinestopsautomatically.

Fatiguespecimen.-Figure12isa drawingoftiefatiguetestspeci-
menusedinthisinvestigation.Thereauceasectionoftis specimenis .

finishedbylongituainal-polishingwithIVo.320abrasivepaper.Several
specimenswerefinisheabypolish$ngthereducedsectimwitirouge~but~
sincethisoperatimdidnotresulth longerlivesforthesespecimens,
itWaaaiscontinuea.

—... .---- —.- ... . .. . ----- —. ----
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TestingTechnique

Eachfatiguetestspecimen&at wastestedintheT-conditionat
elevatedtmpe=tureswasheldforatleast1 hourattmrperaturein
thefatiguetestmachinebeforetieloadwasapplied.Themeanloadwas
tienap@ied,andif,inthecourseofanhourorso,noappreciable
chsngeinthevalueofthemesnloadhadoccurred,tiealternatingload
wasappliedtothespednen.Ifthespecimenhadnotfailedbytheend
ofthe~, themachinewasturned.off andthespecimenunloaded.to
preventdamagetoitinthecaseofa powerfailureduringthenight.The
temperaturewasmaintainedbothdayandni@t,andtheday-to-daytempera-
turev-ationwasnevermoretisn~0° F frcmthenominaltemperature.
Evensmall_rature =aticms duringtherunningofthetestswtia
haveresultedinconsiderablechangesInload,butfortieactualtesting
periodthechangesinloadresultingfrcmtemperaturechangeswereprobalily
greaterforspecimenstistedatroantemperaturethanforthosetestedat
elevatedtemperatures-therebeingfewershort-timetemperaturevariations
in,andmorefrequentroutineloadchecksmadeon,specimensthatwere
testedatelevatedtemperatures.

Considerabledifficultywasencounteredindecidingupona criterion
forfailureforfatiguetists‘conductedabovehOOOF becausetwotypesof
failureapparentlyoccur.Thefirsttypeiethenormslfatiguefracture
andcanbehandledi.ntheconventionalmannerj the secondtype is a sort
ofshearfailuresthenatureofwhichisnottoowelllwulerstooa.This
secondtypeoffailureischamcterizedbytherelativelysuddeninabili~
ofthetestpiecetosustaintheappliedload.A loadingcycleisapplied
tothetestpieceatthestartofthetestj then after the test hasbeen
mnningfora ~rlodoftime,thetestpiecebeginstocreeprapidQ,and
theIndicationsarethatitwilleventuallyfailwitha ductilefracture
morenearlyresemblinga staticfailurethana fat”iguef~lure.

A nuniberofe~rimentswereperformedinanat-t toobts.ina
clear-cutcriterionforthis1’ductile”failure.Inonesetofe~eriments
SR-&typestraingagesweremountedontheload-applyingmechanismofthe
testingmachine((M)fig.11). Theideawasthattheonsetofauct~
failurecouldbemeasuredbya definablerateofdecreaseofload.Itwas
found,however,thatwhenductilefailurewasabouttooccur,therateof

. decreaseofloadwastoorapidtomeasurebythemetioainaicatea.In
someexperimentsitwasdemonstratedthatthemajorportionofthedecrease
inloadwouldoccurwhenthemachinewasturned1 or2 revolutionsbyh-.

Fromexperimentsofthetypedesctibed,itwasfinallyaecideathata .
ductilefailurehadoc~ed ifeitherofthetwofollcwingconditions
existea:

(1) Thecut-offwasactuatedevery5000cyulesorless.

(2) Afterstoppingthemachine,thetestpiecesfailedtosustain
themeanloadtoWi- 100psiforatleast10minutes.

,

-. .-. . .— - . —.
. . . . . :,.
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Thefracturetypeoffattguefailurewasdefinedbyconventtmal
metiods.IMle thecfitertcmforfail. apparentlyproducesa zwpro-
ducttblsetipoint> neither the effect ofcreepalonenor‘deeffectof
fatiguealonehasbeen~as~a tithistest.

.

Thedirect-stresstypeoffatiguetestisreallya cdb-a creep
endfatiguetest,sndthebehaviorofthedirect-stressspectlnenswas
analogoustothatofcreepspecimens.Atfirsttherateofcreepwas
relativelyrapidsandthenthespecimenhada lowrateofcreepfora
relativelylmg timebeforetierateofcreepticreasedastheductile
failurebecameimminent.Noquantitativemeasureofcreepwasmade
duringthefatiguetesting,butsomeworkalong&is linehasbeendone
byotherinvestigators(references7 and8).

FatigueTestResultsAndDiscuasicm

Theresultsofroom-temperatureandelevatid-eraturedirect-
stressfatiguetestsonXBl&+I!arepresentedintdble7. Theseresults
are@OttOainfigum13. Theresultsofroom-temperatureandelevated-
temperaturedirect-stressfatiguetestsm l@Jl?,32S-T,and24S-Tare
presentedinta.~ 8. TheseSLIOySweretestedatstress--erature
conibinationswhichhadresultedinrelativelylonglifetimesforthe
XBl&+?alloy.TatiguetestresultsforallfoursXLoysatthesestress-
temperatureconibinationsareplOttOainfigure14. Thereissamescattir
Intheresults,whichis tobee~ectedwitimaterialsofwhichthe
propertieschangerapidlyinthefirstdayendlessrapidlya- subse- ●

quentsays●

In thepast, thestaticpropertymostconsistentlyrOutOatothe
fatigueperformanceofamaterialhasbeenthetensilestrength.At
roomtempemturethetensilestrengthendendurancelimitofmostofthe
“stable”alloysem usuallythou@ttoherelativelyunaffectedbythe
passageoftimealone.Abave350°F thetensilestrengthsofthese
aluminumalloys&ecreaseasthetestingtemperatureincreases.Further-
more,thetensilestrengthofeachalloyisaffectedbythelengthof
ttme.tkta specimmiisheldatthetestingtemperaturebeforebeginning
thetest.Sane dataconcerningtheeffectoftimeattmqeratureon
thetensileandfieldstrengthsofXBl@W, 1~+1’,32S+C,and24s+are
available(references3,4,endunpublisheddataoftheAluminumCmnpany
ofAmOrica).Thecurvesinfigures1 to4weredrewnfromthesedata.
Aspreviouslymentiondi,timeinthesefiguresisexpressedindaysor
hours,asreportedbyAluminumCompanyofAmerica,andintheaverage
ntierofcyclesthattieK&ousemachinewouldrunduringtheholding
periodifa fatiguetestwereinprogress.Frm thesecurves,itiS
possibletodeterminetheapproxbnatetensileandyibldstrengths ofthese
alloysfora numberofI.ifetime+emperatureconibinations.Theplotted .
pointsinfigures1 to4 representtheresultsofthe direct-stressfat@e
testsandshowtherelationofthoseresultstothetensilepropertiesat
thecompletionofeachtest. .

I_. , .--- ..-.,----- ---- .. .
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Table9 containsa tabulatedcomparisonofthedirect-stress

9

fatigue
datawiththetmsiledatifartief@r *. attieelevatedtempera=
tures.Themtiosintable9wereobtainedbydividingthemaximum
fatiguestress,enduredfora certainlifetims,bythetensileoryield
strengththatthealloywouldhavehadifithadbeenheld,beforetesting,.
attemperaturefora periodeqyeltothatre~a toprOauOOthefatigue
failure.Itisimportenttoremcmiberthattietensiledatawereobtained
bytestingforgedmaterialsandthefatiguedatawereobtainedbytesting
hot-rolledmaterials.Ifthepossiblev~ationsthatareinfluencedby
thedifferentmetiodsofreductiau-hot-rolllingandforging-amassumed
tobeinsi@ificent,itcanbesaidthatinno-p wastheratioofmadmum
fatiguestzwsstotensilestzmgthlessthen0.60 end@at theratioof
maximumfati~estresstoyieldstren@wasalwaysgreatertien0.70in
thelifetimerangethatwastested. Whentherelativeperformanceofthe
fourhOt-rOllOdalloysisevaluatidusingtheaveragesofthesera’%iosas
thecriterion,the“best”alloyis32S~,followedbytheXBl&q, 24S~,
ana1*-T.

Table10containsresultsofdirect-stressfatiguetestsonthefour
alloysandisarrangdforeasycomparisonofthealloys.Whentherela-
tivedirect-stressfatigueperformanceofthehot-rolledalloysem evelu-
atedonthebasisoflifetimesforgivenstress-temperatureccnibinaticns,
thefolkmingtabulationresults:–

Stress-tempmxltureRelativedirect-stressfatigue
Cauibina-ihl

L30,000
15,000
7,000
6,000

(%)
400
500
600
700

I performance,basedonlife-s -
offrom200,000to10,000,000cycles

I 1 2 .3. I 4

XB18S+I! 24S-T law
24S+l? l&-T 32s+?
32s+l a~l~ ~ b24sq
32sq l&T xBl&T

%orgedXBl&+.
b24S-Texhibitedbothshortestandlongestlifeat&lOOF. a

Iftheresultsoftietwomethodsoffatiguetestingexec~~a,. itwillbenoticedthatthefatiguetestspecimenstestedbythedirect-
stressmethodexhibitscxuewhatlongerlifetimes,atgivenstresses,then
thosetestedbythereversed-bending~thoa(figs.5 to8)● However,since
thetwomstho~oftestingeresodifferent,theirresultsc~a notbe
consideredcomparableevenifthematerialshadhadidenticalmechanical
andthezmalhistories.Thestressrangeinthedirect-stressmethodwas
zmughlyme-halfthatinthereversed-bending~thOa. Themem stressin
thedirect-stressmethodisabo@c.me-halfthen@Xlmumstress,butthe
meanstressinthereverses-bending~thOaissncdnally~zero;therefore,
theeffectofcreepwouldbeexpectedtobemoresignificantinthedinxt-
stress~thOa. Thespeeaoftestingcanalsobeanimportantfactor, ‘

.
.. . .. —--.. —- — _ . . . . —-...—-. ... . ..,. , ‘, ,.- ., . . . ...., . ... . . .,, #
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inasmuchasthestrengthoftheseprecipitation-hardeningalloys-decreases
withtimeattempe~ture.Thesepresenttestsj however,wereconductedat
speedsofaboutthesameorderofmagnitudeastioseatwhichaircraft
-a operate.

.
.

The rel.dive pmformance ofthealloystestedInzwversedbendingis
tamtea asfollows(references1 and2):

Relativereversed-lxxdingfatigue .
Tempemture perfo~ce,basedonlifetimesof

(%) fimm1 to5millioncycles

I I 1 I 2 I “3 I 4 I

%l!estedafterprolongedheatingattestingtemperature
(reference2). Thefactthattie24S~hadbeenstabilized
atthetestingtemperatureundoubtedlyaccountsforits
a~t inferiorityinthetable.

Theresults ofthedirect-stressfatiguetestsshowthatthesealloys
are@te weak‘at600°,700°,and&)OOF. Failurewouldoccurveryrapidly
ifpartsmqdefromtheseaUoyswerehighlystnssedattieseelevated
tauperatures.Itseemslikelythatwhenthesehi@ temperaturesoccurin
servicetheyoccurInlocalizedspots,andthehl~ stressesareborneby
sumoundingmaterielwhichiscooler.

CreepTestEqpipuent

.
A groupoffourcreepunitsisshowninfigure15. Thefurnacesare

wounawitiOhrOmelwireana~tea withSil-O-Cel.Thetemperature
gradientineachfurnaceiscontrolledbyexternalshuntsonthefurnace
windin@.ThetemperaturevariationsareIwptbelowthe~ allowea
bytherequirementsofreference5. Eachfurnaoehasa smallwindowin “
the-t endinthebacksothatdeformationcsnbemeasumdbyoptical
meens.Theloadisap@ietltothetestspecimenswitha leverarmhaving
a ratioof9:1.

A calibrationspec3menanda creepte@ specimenareshowninfigurel& -
DeformationismeasureabytiechangeIndistancebetweencimssmarksruled
onthetwoplatinumstrips(shuwntipositioninfig.16)astheysliti
apext.A ftlarmicrometereyepieceendmicroscopeisusedtomakethe

.

.- ——= ---- .—-. .—- ,-—.:’. ,- . .... . . . ,“..:.:;:.-:, ‘..... -. ,.-.’ . ..’.:.
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deformationreadings. Calibrationhas
onthefilare-pieceisequivalentto

u.

shown thatthesmallestdivision
0.00002inchperinch,about

0.002percent,ona gagelengthofabout2.3.inches.Deformationrea&Lngs
areusuallymadedailybytwoobservers.

CreepTestResultsandDiscussion

Theczweptestdataobtainedduringthisinvestigationarereported
intableIl. Thesedata,enddataobtainedfromtheAluminumCmpanyof
Americaonthepropertiesofforgedalloys,areplottedinfigure17.Each
specimenwasheld1 houratthetestingtemperaturebeforestartingthe
test.Thegrainsizeofthehot-rolledXBl&+l!,32S+?,24S+!,l&W.,end
theforgedXBl@-T-a inthisinvesti~timisgivenintable12.

Thereareonlya fewplacesthatthedataobtaineda-g thisinve*-
gationoverlapthoseresultingfrompreviousinvestigations.Thedataam
notnearlycompleteenou@toevaluatethesubsequenteffectsofforging
orofhot-rolllngonthecreepratesofthesealloys.Itappearsthat
theXB1*-TtestedatBattelleMemorialInstitute,bothhot-rolledand
forged,hasmuchhighercreepratesthenthosepreviouslyreported.Itis
alsoapparentthat,at600°F andbetween1000psiand2000psi,tiehot-
rolled1~~ hasa lowercreepratethanthewrou@talloytestedbythe
AluminumCompanyofAmerica.Thatgrain-sizedifferencesmayexplaintiese
apparentdiscrepanciesseemstobea possibi~ty.Theeffectofgrain
sizem creepisverysignificant~ashasbeenpmmiousl.yrepOrtea
(referenceI.,p.8):

Itshouldbeemphasizedthatcomparisonsofresistancetocreep
areapttoleadtofalseconclusionsifthestanzcturesofthe
materialsbeingcomparedarenotsimilar.ThefoUmwingfi~s shm
theeffectofgrainsizeonthecreepcharacteristicsof1~ alloy,
solutiontreatedx aged.

PERCEMTCREEPC@1* ROD(1OHRS.960%,BWQ-
1.2HRS.?!_@?!?)ATkOOOl?ANDATENDOF50HOURS

lB ,3/4 h. roa l~ooDSi 20000rlsi
structure

Coarsegrain 0.056 0.10
Medium-n o●10 0.20
Finegrain 0.32 0.81

Unfortunately,thegrainsizeisnotspecifiedforthemateri&l
reportedonintheliterature,butitdoesseem=asonabletobelievethat
clifferencesingrainsizecouldberesfionsiblefortheapparentdiscnpanies.
Thegrainsizeofthesealloysisdete-ed bytieircompositionend
thermalandmeahenicalhistory.

..— .-—. — ~—. —— . . . .—
..,- . ..-. ,= . .. .. ...” .. . . .,
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“-Average”grainsizehasbeenfoundtobemisleadingesf= as
predictingcreepperformanceisconcerned.~ copper,ithasbeen
discoveredthatfinegrainsexerta deleteriousinfluencethatis
greaterthenwuuM beindicatedbytheproportioninwhichtheyoccur.

De’%nmtnations weremadeofthelinearthermalexpansionofU ssmplea
of+heroKledaluminumalloysusedinthepresemtinvestigation.Each
samplewaa300millimetersinlengthand25millimetersindiameter.A
precisionmlcrometric~tiOawasusedforthesedeterminations.(Seewhite
furnaceshowninfig.1 ofreference9.)

Theobservationsobtainedonheatingandcoolingtiesamplesof
alumlnumalloystovarioustempera@resbetweenroomtemperatureana800°F
werepl.otteaasexpansionti contractioncurves.Theexp=sioncurves
inaicatetlthatthelinear‘&ermaleqyansionofthesamplesincreasedwith
temperature.Table13givescoefficientsofexpansionenacoefficientsM
contractiond.ete~eabytheNationalBureauofS~. Thesecoeffi-
cientswerederivedfrcmtheexpensimandcontractioncurves.Theaverage
differencebetweenthecoefficimtofe~snsionofthesamplese.geaat7CDo
and800°F c-areawiththecoma

%
endingcoefficientsofthesamplesagxl

atlcwertempemturesistO.6x 10- peraegreecentigrade,buttheaverage
differencebetweenthecoefficientsofccmtractionofthesamplesagea
at700°ana8000F comparedwiththecorrespondingcaefficientsofthe

.

samplesageaatlowertemperaturesisaulytO.2X 10’6peraegreecentigrade.
Thecoefficientsofexpansionofalloy32Sarenearly15percentlessthan ,
thoseforalloys18S,XB1* and24S. Thedimensionalchangesofthe
semplesatroomtemperatureafterheatingenacooling&aringthethermal-
expensiondeterminationswerelessforthesamplesagedat700°ma 800°F
thanforthoseagedatlowertemperatures.Thesedataam giveninthe
lastcolumnoftible13.

CONCLUDINGREMARXS

Resultiofeninvestigationofforgedaluminumasl-oysxBl&,m, 24s,
end32Sshuwthatialthough-it seamobti-oustiatthetensile,cr&ep,&d -
fatiguepropertiesofthesealloysatelevateatemperaturesareinter-
relate,thereseemsto-benosimplecorrelationbetweenanyofthese
properties.Thereasonforthismaybe&at anattempthasbeenmadeto
correlatethepropertiesoftwogeneralclassesofmaterials~hot-rolled
=a forges,whicharenotfundmentalUYc-arableuwingtotieparticular,
anadtfferent,historiesofthematerialsfrm whichthedifferentsetsuf
datawereobt@ned.

Theeffectofgrainsizeontiecreepratehasbeendiscusaea,ma
thegrainsize,ormicrostructure,aetermineabythecaupositionma the

.

— . . .. --- ---—— --7 -.. ~ -- . —,
. . . . ...”. -. . .. . .
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pretiousfabdicationandthermal’historyoftiealloy.Fortunately,
verylittleinfomnationisavailableconcerningtheeffectsofthetious
mechaulcalandthermaltreatments.onthestructureandmechanicalprop-
ertiesofthesealloysatelevatedtemperatures.PracticaJ3.y,these
factorsareofConsidmibleimportancebecausetheaircraftenginemanu-
facturersareinfluencedintheir*oiceoftiermalandmechmiceltreat-
mentsbyfabdicationandtolerenceconsiderations,aswelJ.asbystrm@h
requirements●

Battel.le Mmorialrnstitute ,

Colunibus,Ohio,March31,1946

.
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TABLE2.- RESUUIS~T4!EMPER~T lmmmrm~.
EMT TRWMEHT AT AICOALABOBATQRIES
COMPAREDWCI!HTREATMENTAT EATWLIE

Yidd

O.:=mt TellelI.eElmlgatlorl -h&tmBrlnell

AIJw LS%%% L!?hratory %5
lwxdxless

‘~p~ $A? j (p number
.

mnaa Hot-rolleaAl&xl b5,6U0 61,200 14.5 Q8.4 Il”f
rorgea Alooa 40,625 59@0 15.0 1,6.1 IJ.8
Hot-roI.leaBatte12s46,250 60,250 15.3 29.8 ..-
~orged B13ttel@44,700 59*W 16.0 ---- -“-

we Forged Alooa 44,500 % ,800 6.0 10.0 126
EOt-rODa A1.ooa 47,400 9●5 =6

2:%
M ●7

Hot-rolledBattille47,000 9.0 17.4 ---

24a4! Eot-rollsdAlcoa 40,500 67,@o 22●3 3 ●7 1.I.4
Eot-dlsd Battelle41,000 68,goo 25.0 35*4 ---

l%W Forged Alma 47,d)0 61,6Qo 14.5 21.2
Hot..mllea Alooa 54,830 66,500 12.3

~ ,3 . ---
130

Hot-rolledBatt&l.le55,000 65,W 16.0 28.9 ---

.

1

I
I
1

El
z
‘a
p

smm

. .
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.

Alloy

XBl&-r!
Forged2

lB+C
Rolledend
drawnZv#

322+!
Forgedslab:

24W4

!l!mm3.-Hmi—!maERATuRET!lmsILEPR$mmE30F
AlxRmmAImYs .

condition

12hr,gfm”I?3
101D?,3400F

10hr,9600x’s
12hr,340°F

Eeatidto960°F
8~,3400F

(5)

Test-rratm(3)

75
—

E
500

3E
400
500
600
700”

Yield t3tren@
o.2-peroeIlt

offset
(pel)

40,625
36,000
l$*250
7,400
1,850

%,850
53,000
38,500
18,000
12,000

44,500
32,500
10,700
6,100
3,300
3,025

45,000
35,m
21,000

. 9,000
5,000
3,500

etremgth
(psi)

59$600.
kl,&o
26,390
12,150
4,080

66,730
61,360
44,220
23,420
15,650

52,800
36,%Jo
1.5,080
8,930
5,&lo
3,415

E:%
28,000
14,000
73W
5,000

--
iLoniI12ix
(pement)

15.0
10.5
14.0
27.0
u8*0

u ●8
12.5
13.5
21.5
24,0

6.0
6-5
25.5
39.0
44.0
94.0

22
21
25
40
65

Brblell
~ss
number

U8
I.@”
79
50
59
128
136

8

---
-..
---
--
-..
. . .

%11elloye heatidforaprol.an@periodattie- ~erature
before tinting.

%?estlngspeed,0.107in.permin.Datafromreferenoe1.

~oiling-watirgmnoh.

bta fromreference2.

5Testingspeedandheattrea~tnotreported.

—-. — — .- -. ——— ———. .
.-. .. . ,. ,.. . . . . . .
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TABLE4.-!l?BIWUMm MEcHmIcALHISJ!ORYcm’
JUiUMIliUMIUiK)YSFROMWHICHIM!WFOR

V’ON QFTENSILEPIWEERTIES
l?I!gHTJllEATTEsTR’WYEMEERA-

TuREWERE~

Fabricatiml !l!hemal
Alloy Im3thoa treatment Reimerlm

3Bl&3wSpecimensmadefrom 12hr,960°F, (1)
forged3/4-in.ro~ waterqmch,

aged10hr
at3400F

l&~ Specimens~-a 10hr,960°F, ‘%atarepresent
fromforgings cansticquench~ restsof...

agelllohr singlelots”@
at3~0 F “shouldnotbe

*interpretedas
‘typicalvalues~!t2

32S-T Specimensmachined 12hr,960°F, ~ .2
fzamforgedslab followedbyquench-

ing,-a a h “
at 3400F

2WT ----”-----------------T-temper Data“...Ccnsiaerea
Qpical. for various
commmcialforms,”
sheet,plate,bar,
roa,anawire3

%eereference3.
=s=

%00 reference4.

3Uhpmm3hea infomiation fromAlumimmlcompsny
ofAmerica.

#

.
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WiBIE5.-PERCENTCREEPEEKIOOOHO~FORWROIKSIT
ALuMINth!ALLOYS

LIItatramreference 1.J

Test
tenrperature stress(psi) -

Alloy (?F) 1300lgoo 2500 50007500 10,00015,00020,000

ml% -T 400 ---” ---- -----“-- ---” ---- 0.I.l----
600 -“------o.6g ------”- ---- ---- --”-

l&-T 400 -“---“-- .03 0.090.32”---- ---- “---
600 0.401.17 --”- “--- ---- ---- -“-” “---

32S-T 400 ---- ---- --”- .06 .09 0.15 ---- ----
600 . .21 --”- ---- ------”- ---- ---- ----

.. .. .._. — ..-— .——-- —- -. ---—— .-—.—.. --- .— -
,.-.. .. . . . ,.. . . . .. ..,”



20

.

NACA TN No.1469

.

.

.

!mEm6.-smRT+mM&mnsILzmoPEEmHOFAIZWWLMALTA)YS
=183+!,24$M,MD 32S+CATEIEVAIEDTEMPE2AT02ES

[j hereheM 1hrattmqeraturebefc=eul13n&Bare@led 0.02In./dnb
T0.02-peroentoffeetyield, then O.10 in. ntln to mpture. Bars puIJ.edin

aooonianoeulth prooeduregfmn fn referenoe 5.]

Yield strmgthe
(pei)- --

tionin Reduo- Apya?ent
9!eet 0.1- 0.2- 2 in. tlonof X@xlulueof

T
=* strengthperoentperoellt(Peroent)=a
%)

elaetloity
Alloy Speonmxl (psi)offeetoffset (a) (percent)(pet)

mm+l! A6J 400 47,400 40,W0 41,500 14.4 g.: %.65 x d
A6K 400 48,3C039,200~s~ Z:: /3 ~.;
Ak7 30,50028,50030,000
A4K g 27*W 22,&o 24,300 1.2.o 35.7 9:7
A4L 14,00012,Cx3012,2!m41.0 74.7 9.0
Au 14,70011,60012,20033.0 4.9 8.4
A& E 7,ZE305,5006,OOO 55.0 &l

6,300 64.0 %::
5.5

A%3 7g 7J5506,IDO 3.5
A% 2,940 1,340 1,430 ---- ---- 91.6
A& w 2,700 1,7001,800 ---- ---- 1.45

24a+! GIH 400 51,7004.4*OOO45,00019.0 46.0 9.8
32,50034;5g 26.0 g.:

% E z;g 23,900 28.0 ;:: .
500 a,400 23,800 20.0

GIM 600 17,7003:% Q5*300 25.0 En:o
600

~::
WA. l&7Cu&16,00016,50029.0 81*o

9,300!&g 36.0 84.0 9:1
;:G20 9*!UO8,200 # 9.0 92.0 4.9

.
342+ UP 500 27,2002k,m0 25,000“ 9.0 18.0

HQ 500 q,20024,m 25,&0 10●0 28.0 ;::

.

.

%peoimnewerenot broken. Elongatlm isgreater then etrokeof
madtlae undmnomml amditlcae. =%=

h pnMed 0.02 in./nd.nto0.02-peroentmff’eetylehl, then 0.06 in./iain to rtaptum.

%eld for 2hrat tempemtme.

%’tlluat9L

— .- . . . .. .. .- ,. .-,- - -.~.. -—.-. -—. - . .-,—.-.,-. --. ,. .. . . . .....” . . .. . .. .,
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.

‘eTi7-‘%3 .?:s%“.- Remarks

400 “30,0001,754JI(XIAs Fatiguefracture
400 30,000 39299>500“?FF Fatiguefracture
400 25,000 6,941,000 Fatiguefracture
400 20,000m,4g6,&Io A- tlhbroken,stressraised
’400 30,000 143,200 A- Fatiguefracture ‘

500 20,000----------A5D Failedtoholdload
500 15,000 3,f@6,000 A% Ductilefailure
500 15,000 86,000 4?IH Ductilefailulm
500 15>000 59931@o *U Ductilefailure
500 10,00010,477,400Am Nofailure,stressrdsed
500 15,000 28,000A3R Ductilefailure
--- 15,00010,000,000.?l?XL Nofailure,testaiscontia
600 10,000 21.5,000As Ductilefdlum
600 7,0004,200,600?l?lG Ductilefailuzm “
600 5,0006,282,500.A3M
600

Ductile failulm
4,0005,790,400A3P Ductilsfailure

700 3,0002,986,kooA3L Ductilefailluw
. 3,000 241,000h7 Ductilefail?xm

;= 2,000 8,422,xI0A31J Ductilefailure

&o 2,000---------- “m? l?ailedto hold10ad.

Room 459000 172,300A3H Fatiguefracture
Roam 45,000 52,&)0 Fattguefracture
Room 43,000 1,596,9004= Fatiguefracture
Room 35,000 4,399,000JUG Fatiguefracture
Room 33,000 2,517,000qm Fatiguetmzoture
Roan 30,00010,563,500“JKl12 Unbroken,stzwssraised
Room 45,000 151,9004?1C Fatiguefzacture
Rocun 30,00012,445,500A* Unbrolmn,stressraised
Room 57,500 34,&)o As Fatiguefracture

%orgeaXIWB-!l!.

.

. ..— ..—... —,—. -.—— -.—- , .—. . .. . —— ——
. . . . . . . . ----
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“!I!KBIE8.-DIREGL’~ FATIGUETESTRESULZSFORl&W, 32S~,MD
24SI’Al!ROOM~ MD EIEVA~~..

.

Alloy Remsxks

lS+I! Room 35,000 U,737,700 Jm - WmOken,stressraised
Room 45,000338989=0JIH Fatiguefracture ‘
Room k5,000 328,400JIG Fati@efracture
400 30,000 2339%0 JID Fatiguefracture

30,000 236,700JIF Fatiguefracture
g 15,000 793,~o ~ Ductilefailure

;:&: 7>973>~o ~c Ductilefailure
700 3,000,000m Ductilefailure

32S~ Roan 35,mo 2,101,700L2A Fatiguefracture
400 30,000 3,447,460L20 Fatiguefracture
m 15,000 791.,20012D Ductilefailure
&lo 7,000 5,103,50012E Ductilefailure
700 3,000 4,355,900= Ductilefailure

24SJ! Room 35,000 6go,looG3F Fatiguefracture
400 30,000 476,3ooG3C crackedendneckedam
400 30,000 432,~0 G3G kked =d ~ckead-
~ 15,000 1,760,000G3H Ductilefailure

7,000 1,866,000G3A Ductilefailure
600 7,00018,433,300G= Nofailurel

3,00019,101,100G3B Nofailure
;: 4,000 9,470,500G3D Ductilefailure

%est disccmtinued; failedtohold.loadat10,000psi.

. T

— ,. - -:--..=. .- -.— - .- ~.:7 .-z ->- -- : . . . , --- -, -:-.: -- :.-.
~. -.-:-... ...” .“ .: .. . . .... . . . ...’.$. . .... ,...-
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.

‘MILE9.-COMPARISOIVW FATIGUEMD !CEIVSIIiEMIYiFOR
HOT-ROIJEDALUMINUMALLOYSATELEVATEDTEMPERATllRES

c JSeefigs.1 to4.

stress-temperatum Ratio-maximumstressinfatigue
Colibination cycletoyieldstremgth

(a)

(psi) (OF) XBlaw l@w 32WT 24s+!

30,000 400 0.83 ---- 1.13 ~o.91
15,000 500 1.00 0.70 .94 ;g
7,000 600 ---- ---- 1.46

1008’
3,000 700 1.15 1.00 1.20 ----

Stress-temperature Ratio-maximnmstressinfatigue
“ Ccmibination 6ycle●totensilestrength

(a)

(psi) (~) xBl&* l*+C 32S-T 24sw

30,000 400 0.75 ---- 1.03 0.71
15,000 g ●79 0.60 .81 .71
7,000 ---- ---- 1.00 :g,

3,000 700 - .67 ●65 ●77 ----

%%0 maximumstressinthefatiguecycleusedinthistableis
onethatwillproducea failureinlessthan10,000,000cycles.
Thedatawereobtainedbydeterminingthelifeoftiefatigue
testpieceatthestresscycleindicatedandthenusingtheyteld
ortensileetzwngthwhichwouldhavebeenobtatnedbyholdingthe
testpieceattemperatureforthes- timetocamputetheratios
shown●

%0 tests●
,

.

.

.- —-— — —-. . — -- — — —.
,.



i..

24 NACA TN No.1469

TABLE1o.-COMPARISONOF~CT-TRESS FATIGUETESTRESIIMS

ATEIEVATEiITIWEilATuHEs

Te erature
7)OF

400

m

600

700

stress
(Psi)

30,000

15,000

7,000

3,000

XBllwL’

1,754,800
a3>2992500

3,826,000
a86,0bo

%0,000,000

ak,200,600

2,986,h00
%?41,000

Cyclesforfailure

3s+!

3,447,460

791,200

5,103,500

4,155,900

476,3oo
k32,goo

1,760,000

1,866,000
18,433,300

%9,101,MO

lfB-T

2339500
236,700

793,000

3,000,000

%orgea specimen.

~b?.mlmn.

.—-- .. ...- -. ”.:-.-”.“-m. -:--, . -. .,.. .. . .... . . .... ’...:”. .-.,.,. ,-:,. -,, . . ..,.. , . .-
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TABLEIl.-CREEPTBT IMTAFORROLLEDAI~I+M& AIU#&ll&+, l=+r,24W, 32SWMD FOR

Imitial Midnnlm Final Total Contraotitm
Tempera- aefornla-Creep. aefolma-onreleaee
tnm stress thl

AIJ.OySpclmen (OF) (pei)(peroent)(pe=t/hr)(pe%:t/hr)(p~cynt)y~?t)
Duretion
OX?)

X21834’ A6L 400 10,0000.06g o.Ooola 0.0001600.240 .---- 4&8
A& 400 15,000 .406 .00ogoo.002200

m
1.440 0.120

5,000 .052 ●oo360 .0012XI.636
E

.06b
!Y&1o,ooo.x38

501
J122000 (a) (a) (a). g~

1,000 .017 .Ooqw .00031.O●365 .009
A& 600 2,500 .017 .oo6100 (b) (b) (b) (b)

24s+! am 400 10,000 .J.I.7 .000025 .000Q25 .148 .117
GIC

52b
M& 15,000 .175 .000130 .0C0140 .304

GIF
-.ml

1,200 .013 .000040 c.000~ 572
.035 .023

(3IE “600 2,000 no15
526

.000080 c.000080
600

.q6 .018
GIG 3,000.030

553
.Ooolm .0cm20 .152 .023 528

32WJ? LIB 40010,OOO.llg ●000300 0ooo4700443
400 8,000

.122 7=
.062 ●00120 .000140

IJD 600
.195

.041
●W7 528

1,500
600

●WO .000270.240 .019 #
2,500 .021 .0022m (d) (a) (d)

LIE 600 3,000 .047 .006000 (e) (e) (e) (e)

1%+! m 600 1,000 .017 ●OOoo90 ●OOOQ90 .q6 -----
JIL 600

498
2,000 .024 .000330 .000330 ●95 ●= 500

f~&Jq WC 4& 15,000 9170 .030450 .000720 .506
F3B

.180 502
1,000 .015 .000350 .000350 .21.2 ●009 503

@Brokeat96.8hr;38.8-peroentelongation;61&?-percentreticticmarea.

%oh at257.8W; 84.7-peroente~tion; kg-percent reticticmarea.
=9=

— --- -

cAvera#oreepratebetxeen100end~ hr. The ratevariedecmewhatdnrhg teet(alternate@
hlgberendlower).

%&e at 552hr;48.5-percentelongatim;&.3-peroen;redmtionarea.
~~h at244-j38.g-percent~longati~j 78.opr&nt~ction area.

‘Ror~a. Allotirepecimemframrolledalloy.TheseEfpeclntenewererunattheeexuebmnpemtome
endetreeeesaerolledXBl&-TepeclmeneA6dendA8C,eothata directcmqFMscmoftieresulte
ofrolledM fOrg8dfabricationscouldbetie.

- --- —--— . ..—. ~-. . .. ..’ ..- ,..“ . . .
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.

TA31E12.-GRhINSIZES(n?XB3g:N, 24s+,AEDl&41?
USEDINTEE

Solutim Average
treatmnt

TimeTempe=turediameterRangeofgrainsize
Alloy Fabrication(m) (w) (fij) (in.)

xBl&PI’Hot-rolled 1 960 0.0006Fairlyuniform

ml%a Forged 1 960 .00200.00165to0.00236

XBl@-THot-lleil 10 “960 .0013Fairlytmifomn

32s-T Hot-rolled 1 960 .Oo110.00079toO.00U8

24S-T Hot-rolled 1 g20 .00270.00158to0.00315
Someverylargegrains

1*W Hot-rolled 1 960 .00130.Oooggtoo.oolg7
.

lAVSZWROf25to40IMUuremmlts ●

.

... .-...7 .-. - ~—- —=., -. ;-. .- .- —--:= ,-. . . . ----- .-----—

-. --—.:.- >.. -

. . . . .

,.. -

,- .,.. . . . . . . ..” . . ...... ..... . .
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1

I

I
.1

,

1

I

\

Average ooeffioientnof Av’erqe 00sffiO~ d
m ~-~ytm @ree oontmiotim ~ dm~ee Chellge in leogth

g- ~fw Faln%mheit
Znmllmr

eftm heating

68°to Cl&; #to &“ot; “
ecd F moo Y 3°? %05’ 3°? 3°? “(%P

1776 Msq IQ.a x IL@ 13.1 ~ 3,0-6$4.1x 10-614.4 x 10-614.0x 10-6-----------13.0x 10-6lQ.4x 10-6 0.03

1776A‘lkwr 12m5 12.9 I&b U-9 lkl -----------1.3.o 12.3 -.o1

lmll %&+ 12.7 13.1. U-7 14.2 14.1 -----------13.0 32.3 .O1

1777 %IJIRM u?.8 13.0 13.7 u+.6 14.0 -----------13.1 S.> .04

1777A ml.tlxr 12. > 13.L B 6 ----------- ----------- B. 6 X 10-6-----------12.4 .W

1778 %2+ K.8 13.0 U.3 14.0 14.7 -----------I-3.1 - 1.2.4 -.05

l’mA C242-T 12.7 13”.1 1;.7 IA.6 ti.6 -----------13.2 uiL6 .W

l’ml ‘%3-T 12.~ 1.3.2 13.6 14.3 lb.k ...........13.3 x2. 6 -a,

1779 %22- ILl U*7 1.2.5 13.o li?.1 ----------- IL o 10.3 .06

1779A “*WI 10.9 11.3 u..6 12.2 12;o U..4 ........... ..........- .02

177s?9422-2 10.8 fi.h u..7 12.2 Il.9 ---*-------I.O.9 10.3 .Ce

–-.
Wetemined at 20” C fkau the ~lon ourve,onheeting aod tbe oontreot@o mrve cm ‘moliag.

P.miti7eml.um ImUoda an iaereaeein I.e@i; negativevahes, a deereaeein length.

%-.

O’Ptmper end eged at 7C0°~ fav MO br.

%-temper and eged at ~“ F forXO hr.
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Figure15.-Creeptestequipment.
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ALLOY FABRICATION TESTED AT
o XB18S_ ROLLED BATTELLE
X 24 s-T ROLLliD BATTELLE
❑ 32 S-T ROLLED BATTELLE
b 18 S-T ROLLED BATTELLS
v XBISSV FORGED BAtTELLE
+ Ies-r F#QED
t

ALCOA -
3$?s-T FORSED

o
A@

XB18ST lWGED ALGOA

FIGURE 17,-SUMMARY

OREEP RATE, ~m

OF AVAILABLE CREEP DATA ON ALLOYS XB18ST, 32S-T, 183-T, AND 24S-1.
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